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E-mail address: Isar.nassiri@ibb.ut.ac.ir (I. Nassiri)The interests in journal impact factor (JIF) in scientiﬁc communities have grown over the last decades.
The JIFs are used to evaluate journals quality and the papers published therein. JIF is a discipline speciﬁc
measure and the comparison between the JIF dedicated to different disciplines is inadequate, unless a
normalization process is performed. In this study, normalized impact factor (NIF) was introduced as a rel-
atively simple method enabling the JIFs to be used when evaluating the quality of journals and research
works in different disciplines. The NIF index was established based on the multiplication of JIF by a con-
stant factor. The constants were calculated for all 54 disciplines of biomedical ﬁeld during 2005, 2006,
2007, 2008 and 2009 years. Also, ranking of 393 journals in different biomedical disciplines according
to the NIF and JIF were compared to illustrate how the NIF index can be used for the evaluation of pub-
lications in different disciplines. The ﬁndings prove that the use of the NIF enhances the equality in
assessing the quality of research works produced by researchers who work in different disciplines.
 2010 Elsevier Inc. All rights reserved.1. Introduction
Journal impact factor (JIF) is one of the popular scientometrics
indexes in evaluating the quality of scientiﬁc journals. According
to, Garﬁeld formula the impact factor (IF) of a journal for year X
is the ratio of the number of citations of papers that are published
during years X  1 and X  2 to the total number of published pa-
pers during these two years [1]. Development of JIF was launched
to simplify the task of journal ranking by using objective quantita-
tive method. Moreover, science policy makers and research fund-
ing organizations that provide research grants uses JIFs as a
criterion to consider the quality of researchers, research works,
and one of the requirements for the awards. This usage is best done
with other tools such as h-index and peer review [2,3].
The journal citation report (JCR), published by the Thomson
Scientiﬁcs (formerly the Institute for Scientiﬁc Information/ISI) is
the most popular available source for JIF. JCR is a database contain-
ing information about journals including the number of original
articles and reviews, citations, immediacy index, cited half-life,
5-year impact factor, and impact factors [4].
The use of JIF for evaluation purposes has been the object of
many criticisms because the calculation of JIF is biased by some
factors [5]. These include citation distribution of articles in thell rights reserved.
.journals, online availability of publications, open access journals,
negative citations, different citing behavior across ﬁelds and disci-
plines, and the coverage of journals in the science citation index
(SCI) database [6]. Different citing behavior is one of the important
factors leading to the wide variance of JIF across ﬁelds and disci-
plines [7,8]. Articles in rapidly growing research disciplines with
relatively high average number of references per article are much
more cited within 2 years of their publication. This in result leads
to a high JIF [9,10]. For example, the neuroscience discipline in bio-
medical ﬁeld, in which a great number of scientists are engaged in
research in it, shows higher articles, citations and subsequently
higher impact factor range of values for the related journals in
comparison to the nursing, which shows lower citation propensity
even in the best journals of this discipline [11,12]. This fact is
usually ignored when using JIF values for evaluations [13]. These
differences in ﬁelds and disciplines cause unfairness in the evalua-
tion of researchers and research institutes when JIFs are used in
those assessments. For instance, many universities are organized
into departments according to the disciplines and the evaluation
of the academic products of these institutions requires a direct
comparison between different scientiﬁc disciplines. Therefore, for
identiﬁcation of high impact journals in each ﬁeld, making promo-
tion decisions for researchers and evaluate scientiﬁc production
across different disciplines, we need a method for making a valid
inter-disciplines comparison [14]. Thomson Scientiﬁcs has consid-
ered the problem of inter-disciplines comparability [15]. Despite
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publish the JCR with data that is not comparable inter-disciplines.
The purpose of this study was to adopt a method to enable
comparison between disciplines in each ﬁeld. We introduced
normalized impact factor as a correction method and targeted
the deﬁned 54 disciplines in the biomedical ﬁeld to assess its valid-
ity and practical usage.
1.1. Method
All 54 disciplines of biomedical ﬁeld deﬁned by the journal
citation reports (JCR) (2005, 2006, 2007, 2008 and 2009 editions)
were selected. The coherence subjects of journals with biomedicalTable 1
The values of AIF in 2009 year, number of journals and NIF constant for all 54 disciplines
Discipline AIF (2009) Number of
2005 2
1 Allergy 3.63 16
2 Anatomy & morphology 1.86 15
3 Biochemical research methods 3.39 53
4 Biochemistry & molecular biology 4.22 261
5 Biotechnology & applied microbiology 3.00 139
6 Cardiac & cardiovascular systems 3.78 72
7 Chemistry, medicinal 2.62 34
8 Clinical neurology 2.98 148
9 Critical care medicine 3.81 18
10 Dentistry, oral surgery & medicine 1.73 49
11 Dermatology 2.28 39
12 Emergency medicine 1.63 11
13 Endocrinology & metabolism 3.88 89
14 Engineering & biomedical 2.55 41
15 Gastroenterology & hepatology 3.50 124
16 Genetics & heredity 4.53 55
17 Geriatrics & gerontology 2.77 29
18 Health care sciences & services 1.97 52
19 Hematology 5.23 60
20 Immunology 4.33 115
21 Infectious diseases 3.54 43
22 Integrative & complementary medicine 1.59 10
23 Medical ethics 1.24 7
24 Medical informatics 1.90 18
25 Medical laboratory technology 2.08 23
26 Medicine, general & internal 4.11 105
27 Medicine, legal 1.64 9
28 Medicine, research & experimental 3.47 72
29 Microbiology 3.56 86
30 Mycology 1.87 17
31 Neuroimaging 4.01 14
32 Neurosciences 3.88 200
33 Nursing 1.04 32
34 Nutrition & dietetics 2.87 53
35 Obstetrics & gynecology 2.19 57
36 Oncology 4.50 123
37 Ophthalmology 2.34 44
38 Otorhinolaryngology 1.35 29
39 Parasitology 2.54 22
40 Pathology 2.89 66
41 Pediatrics 1.82 73
42 Peripheral vascular disease 4.54 51
43 Pharmacology & pharmacy 2.93 193
44 Physiology 3.18 75
45 Psychiatry 3.37 94
46 Psychology 2.65 60
47 Public, environmental & occupational health 2.37 99
48 Radiology, nuclear medicine & medical imaging 2.68 84
49 Surgery 2.09 139
50 Toxicology 2.56 75
51 Transplantation 2.75 20
52 Tropical medicine 2.08 12
53 Urology & nephrology 2.95 51
54 Virology 3.65 23
Total number of journals 3522 3
AIF of entire biomedical ﬁeld 3.23 3sciences were the preliminary criteria for choosing journals. Also,
the discipline lists of Scopus related database (SCImago Journal &
Country Rank) was evaluated and was found relatively similar to
JCR selected list [16].
The aggregate impact factor (AIF) of entire biomedical sciences
and speciﬁc discipline for year X is deﬁned as ratio of the number
of citations to the papers that are published during years X  1 and
X  2 to the total number of published articles during these two
years in all 54 biomedical disciplines and speciﬁc discipline,
respectively.
NIF constant is the ratio of the aggregate impact factors of entire
biomedical journals to aggregate impact factors of each discipline
of biomedical ﬁeld (Eq. (1)). These ratios are constant values thatof biomedical sciences ﬁeld in 2005, 2006, 2007, 2008 and 2009 years.
journals NIF constant
006 2007 2008 2009 2005 2006 2007 2008 2009
16 17 17 21 1.01 0.91 1.01 0.95 1.04
15 17 17 16 1.87 1.87 1.91 2.12 2.03
56 60 65 65 1.13 1.05 1.05 1.12 1.11
262 263 276 283 0.74 0.77 0.81 0.86 0.89
140 138 144 150 1.16 1.16 1.17 1.25 1.26
74 74 78 95 0.90 0.94 0.91 0.93 1.00
35 41 40 46 1.37 1.34 1.36 1.42 1.44
147 146 156 167 1.27 1.26 1.25 1.23 1.27
18 19 21 22 1.01 0.97 0.95 0.99 0.99
49 51 55 64 2.31 2.24 2.01 2.18 2.18
39 41 43 48 1.72 1.74 1.75 1.64 1.65
11 12 13 19 2.30 2.45 2.40 2.25 2.31
93 92 93 105 0.86 0.88 0.88 0.91 0.97
42 44 51 59 1.51 1.42 1.38 1.41 1.48
48 50 55 65 0.97 0.93 0.91 1.00 1.08
131 132 138 144 0.72 0.76 0.78 0.84 0.83
59 63 36 40 1.31 1.31 1.25 1.23 1.36
57 57 62 69 2.03 1.78 1.89 1.93 1.91
61 63 62 61 0.63 0.66 0.65 0.69 0.72
117 119 121 128 0.77 0.78 0.81 0.84 0.87
47 50 51 57 0.94 0.96 0.96 1.00 1.07
10 12 14 17 2.72 2.61 2.05 2.05 2.37
7 7 7 13 2.73 2.65 2.65 2.53 3.05
20 20 20 23 2.32 2.25 2.42 2.06 1.98
25 26 26 28 1.57 1.63 1.64 1.65 1.81
103 100 107 132 0.74 0.74 0.73 0.79 0.92
9 9 10 11 2.63 2.79 2.27 2.50 2.30
76 81 82 92 0.94 0.94 0.99 1.02 1.09
89 94 91 94 0.99 1.03 1.03 1.10 1.06
17 19 19 19 2.45 2.13 1.93 1.93 2.02
13 13 12 13 1.23 1.05 0.98 0.96 0.94
200 211 219 230 0.91 0.91 0.92 0.95 0.97
36 46 60 72 4.14 3.07 3.32 3.22 3.64
55 56 59 66 1.28 1.25 1.29 1.37 1.31
59 60 61 70 1.56 1.59 1.62 1.58 1.72
127 132 141 165 0.76 0.75 0.75 0.79 0.84
45 45 48 49 1.60 1.59 1.56 1.61 1.61
30 29 31 36 2.96 2.95 2.95 2.77 2.80
23 23 25 28 1.90 1.83 1.62 1.57 1.48
64 66 68 71 1.39 1.37 1.35 1.37 1.30
74 78 86 94 1.97 1.89 1.89 1.89 2.07
52 54 56 60 0.69 0.75 0.74 0.77 0.83
199 205 216 236 1.24 1.24 1.23 1.26 1.29
78 78 74 75 1.05 1.06 1.07 1.16 1.19
94 94 101 117 1.02 1.01 1.00 1.06 1.12
60 61 61 71 1.43 1.39 1.43 1.41 1.42
98 100 105 122 1.53 1.50 1.53 1.53 1.59
85 87 90 104 1.39 1.37 1.37 1.32 1.41
137 139 148 166 1.81 1.74 1.79 1.71 1.80
76 73 75 77 1.50 1.41 1.45 1.47 1.47
19 21 21 24 1.28 1.25 1.31 1.26 1.37
11 14 15 17 2.10 1.84 2.09 2.02 1.82
55 55 57 63 1.20 1.19 1.20 1.22 1.28
23 25 27 30 0.86 0.87 0.92 1.02 1.03
586 3682 3827 4209
.35 3.42 3.67 3.78
Table 2
List of names, JIFs, NIFs and NIF constants of selected journals in six disciplines. All these scientiﬁc journals publish papers on bioinformatics.
Journal name Subject category (Discipline) JIF (2009) NIF constant NIF Ranking according
to the JIF
Ranking according
to the NIF
Nature biotechnology Biotechnology & applied microbiology 29.495 1.26 37.16 1 1
Nature methods Biochemical research methods 16.874 1.11 18.73 2 2
Genome research Biochemistry & molecular biology 11.342 0.89 10.09 3 3
Nucleic Acids research Biochemistry & molecular biology 7.479 0.89 6.66 4 5
Brieﬁngs in bioinformatics Biochemical research methods 7.329 1.11 8.14 5 4
Human brain mapping Neuroimaging 6.256 0.94 5.88 6 7
Plos computational biology Biochemical research methods 5.759 1.11 6.39 7 6
DNA research Genetics & heredity 4.917 0.83 4.08 8 9
Journal of biomedical informatics Medical informatics 2.432 1.98 4.82 9 8
Medical & biological engineering & computing Medical informatics 1.757 1.98 3.48 10 10
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2009 years (Table 1).
NIF constant ¼ TCB=TArB
TCD=TArD
ð1Þ
TCB is total number of citations to the entire biomedical journals in
JCR year, TArB is total number of articles were published by entire
biomedical journals in JCR year, TCD is the total number of citations
to the journals of the particular discipline in JCR year, and TArD is
total number of journals of the particular discipline published arti-
cles. JIF and NIF constant multiplication yield normalized impact
factor (NIF) of under consideration journal (Eq. (2)).
Normalized IF of particular journal ¼ JIF NIF constant ð2Þ
The term ‘‘normalization’’ as applied to this study does not refer to
the normal (Gaussian) distribution, but instead it refers to the
process of correcting two or more discipline JIFs (data sets) prior
to comparing their JIF values. The JIF data normalization assumes
differences between the aggregate JIFs of various disciplines mostly
refers to the number of researchers working in that sub-ﬁeld and
their citations in their published articles (which affect the numera-
tor of JIF) and published articles in that sub-ﬁeld (the denominator
of JIF), and not necessarily the quality of related articles. For exam-
ple, basic research in medicine is cited almost ﬁve times more than
clinical medicine because clinical research draws heavily on basic
science. The JIF is affected accordingly [17,18]. For the discipline JIFs
being normalized, the JIF are multiplied by a constant factor. As an
example, if the JIF for a journal in medical informatics is three, then
the JIF would be multiplied by 1.98 (the speciﬁc constant for
normalization of medical informatics disciplines JIFs). This nonpara-
metric normalization method does not make assumptions about the
population distribution and produces the same overall distribution
for all the disciplines JIFs within an assessment.
Linear regression was used to estimate the stability of NIF con-
stant values of biomedical disciplines during 2005, 2006, 2007,
2008 and 2009 years.Table 3
The ranking of the 10 ﬁrst journals between 393 selected journals in seven different biom
Journal name Subject category JIF (2009) NIF c
GENOME RES Biotechnology & applied microbiology 11.342 1.26
EMBO J Biochemistry & molecular biology 8.993 0.89
PLOS PATHOG Virology 8.978 1.03
DIABETES Endocrinology & metabolism 8.505 0.97
CURR OPIN CHEM BIOL Biochemistry & molecular biology 8.295 0.89
BIOTECHNOL ADV Biotechnology & applied microbiology 8.25 1.26
CELL DEATH DIFFER Biochemistry & molecular biology 8.24 0.89
PROG LIPID RES Biochemistry & molecular biology 8.167 0.89
CURR OPIN BIOTECH Biotechnology & applied microbiology 7.82 1.26
STEM CELLS Biotechnology & applied microbiology 7.747 1.262. Results
The values of aggregate impact factor, number of journals and
normalized impact factor constant of all 54 disciplines of biomed-
ical sciences ﬁeld in 2005, 2006, 2007, 2008 and 2009 years are
shown in Table 1.
An example is given below to illustrate how the NIF index can
be used for normalization of the assessment of publications in dif-
ferent disciplines. We may try to compare listing of scientiﬁc jour-
nals that publish papers on bioinformatics (Table 2). This kind of
analysis according to the JIF requires including extra arguments
and to take into account the citation behavior of each disciplines.
In this paper, we propose a normalized impact factor as a useful
guideline for a global evaluation and comparing scientiﬁc works
in multidisciplinary research areas. NIF consider the speciﬁc ﬁeld
features including different citing behaviors in different disci-
plines. For instance, the aggregate impact factor in the discipline
of genetics & heredity is 0.83 (Table 1). This shows that a higher
JIF value in this discipline does not necessarily mean an important
place in the biomedical ﬁeld and our list in Table 2. After normal-
ization of JIF, we are able to make a direct comparison among jour-
nals in different disciplines and, therefore, we are able to evaluate
of the journal position. As, we can see in Table 2, ranking according
to the JIF sometimes is different from ranking according to the NIF.
Previously, we supposed that differences between the AIFs of
various disciplines mostly were due to the different propensity of
citation, and not necessarily the quality of related articles. In this
section, we examined the authenticity of our theory. Therefore,
ranking of journals in different biomedical disciplines according
to the JIF and NIF were compared within the following hypothesis:
While normalization of JIF affects most journals to some extent, the
ranking of journals with high JIF remain almost stable, regardless
of the constant NIF used for the calculation of the NIF. In this re-
gard, three groups of journals in seven different disciplines were
selected including journals ranking in the top 25% of the table,
journals ranking in the middle of the table, and journals ranking
in the bottom 25% of the table. The highest ranking journal wasedical disciplines according to the NIF and JIF (also see Supplementary ﬁle 1).
onstant NIF Ranking according to the JIF Ranking according to the NIF
14.29 1 1
8.00 2 14
9.25 3 6
8.25 4 11
7.38 5 19
10.40 6 2
7.33 7 22
7.27 8 23
9.85 9 4
9.76 10 5
Table 4
Correlation coefﬁcients of NIF constants in 54 biomedical disciplines.
2005 2006 2007 2008 2009
2005 1 0.977** 0.975** 0.976** 0.974**
2006 0.977** 1 0.977** 0.980** 0.966**
2007 0.975** 0.977** 1 0.989** 0.977**
2008 0.976** 0.980** 0.989** 1 0.981**
2009 0.974** 0.966** 0.977** 0.981** 1
** Correlation is signiﬁcant at the 0.01 level (two-tailed).
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articles, which usually have very high citations. Thus, if these re-
view journals were used in comparison with the original article
journals, the JIF may be affected by the difference in the types of
articles, and not truly by the differences in disciplines or quality
of articles as intended. The selected disciplines (NIF constant) were
biochemistry & molecular biology (0.89), biotechnology & applied
microbiology (1.26), endocrinology & metabolism (0.97), geriatrics
& gerontology (1.36), nursing (3.64), pathology (1.3), and virology
(1.03). From the hypothesis, the journals with high JIF within each
group should be considered equally and evaluated in terms of their
scholarly quality; although they work in different disciplines. The
results of the NIF calculations in Table 3 and Supplementary ﬁle
1 are not in line with this hypothesis. Table 1 show that if JIF were
the only criterion used to rank, relatively high impact factor disci-
plines, such as biochemistry & molecular biology (AIF = 4.22) and
biotechnology & applied microbiology (AIF = 3) would have an
advantage over those who work in some of the other disciplines,
such as nursing (AIF = 1.04). The ﬁndings as shown in Fig. 1 and
Supplementary ﬁle 1 prove clearly that the use of the NIF enhances
the equality in assessing the quality of research works produced by
researchers who work in different disciplines. NIF affects the rank-
ing of most journals including journals with high JIF and ranking
(Fig. 1).
Linear regression was used to estimate the stability of NIF con-
stant values of biomedical disciplines during 2005, 2006, 2007,
2008 and 2009 JCR years. The calculation of correlation coefﬁcients
showed a close linear relationship with positive correlation be-
tween variables (Table 4).
2.1. Discussion
In scientometrics, productivity and quality can be measured
using the citations for an article and the IF of the journal of article.
Authoritative studies show that JIF could be a useful representative
of the quality of an article as appropriate as to the use of citation
[19].
The use of JIF for evaluation has been the object of some criti-
cisms. For example, the peaks in the citation distribution curves
vary from discipline to discipline in speciﬁc ﬁelds [20,21]. Due to,
the diversity of citing behavior in different disciplines the compar-
ison between the JIFs dedicated to different disciplines is inade-
quate [22,23]. Consequently, to assess the relative position of
journals, potential employers, and researchers within their ﬁeldFig. 1. The comparison of 393 journals in seven biomedical disciplines standings accord
including a considerable effect on nursing disciplines with low propensity of citation (awould be best advised to make use of discipline speciﬁc derivates
of the JIF, such as NIF. The NIF index is established based on the
multiplication of JIF by a constant factor. The NIF constants are
equal to the deviation of AIF of entire biomedical sciences than
AIF of each discipline. The speciﬁc constant for each discipline
can be used for normalization of under consideration JIF. In NIF in-
dex, the deviations of outlying data were obviated by into account-
ing all citations and articles of each discipline. Also by using the
NIF, the discrepancies of the impact assessment across disciplines
due to the number of journal titles are minimized. The normaliza-
tion of JIF affects journals of each discipline to some extent, but can
be substantial for disciplines with low propensity of citation. The
NIF constants are almost stable during determined interval and
can be used for normalization of JIF in the next years.
A few other works have been performed for making valid inter-
disciplines comparison. Hirst introduced the disciplinary impact
factor (DIF) that was based on the average number of times a jour-
nal was cited in a given sub-ﬁeld (discipline) alone rather than
across the complete set of science citation index (SCI) [24]. A sim-
ilar approach was suggested by Pudovkin and Garﬁeld. Authors
suggested a rank-normalized impact factor (rnIF) to be calculated
within each subject category (disciplines). For any journal j, its rnIF
is designated as rnIF(j) and equals (K  R  j + 1)/K, where R  j is
the descending rank of journal j in its JCR category and K is the
number of journals in the category. Garﬁeld recommended using
JIF values in combination with rank-normalized for the evaluation
of an individual scientist’s or a research collective’s contribution
[25]. DIF and rnIFj like NIF involves order statistics for the whole
set of journals in a discipline. NIF on the contrary to DIF and rnIFj
is almost stable during years, is not a separate value form the JIF,
and is a method to enable comparison between the selected disci-
plines without having access to the source data, which is not the
case for most users. Ramirez et al. proposed a renormalized IF
(Fr), which was calculated based on the maximum IF, and medianing to the NIF and JIF. The normalization of JIFs affects the ranking of most journals
lso see Supplementary ﬁle 1).
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in the area and a negative one shows a secondary rules. The main
limitation of Fr is the absence of a lower bond, which make difﬁcult
a direct comparison between journals with Fr < 0 [26]. Sombat-
sompop introduced the impact factor point average (IFPA). The
IFPA index is based on the impact factor of the journal, the average
impact factor of all journals having the same subject category (dis-
cipline), the ranking of the journal’s impact factor in the same dis-
cipline, the numbers of journal titles in the same discipline, and the
number of research articles published by an individual. The speciﬁc
aim of IFPA is to minimize the inaccuracy and unfairness of using
JIFs in evaluating and comparing the researchers in different disci-
plines and not the journal. Besides, calculation of IFPA need access
to the source data and is more precise for low JIFs [27,28]. Van-
Leeuwen and Moed developed an alternative journal impact mea-
sure called journal to ﬁeld impact score (JFIS). The JFIS is based on
four types of documents, namely articles, letters, notes and re-
views. The JFIS is mostly based on citation windows of 4–5 years
or even more. The length of the selected publication window can
be set for each subject ﬁeld. JFIS is ﬁeld-normalized. This means
that a journal’s impact is compared to a weighted ﬁeld average
(weighted by the number of ﬁelds assigned to a journal). A prob-
lem in this normalization procedure is that the number of docu-
ments in a particular type in particular journals or ﬁelds can be
so low that it hardly constitutes a signiﬁcant standard for compar-
ison. Furthermore, calculation of JFIS need access to the source data
and is a journal impact index separate from the JIF [29].
The main advantages of NIF include the stability of normaliza-
tion constants during years, making a proper comparison between
the selected disciplines of the speciﬁc ﬁeld without having access
to the source data, directly take into account citations, not a sepa-
rate value form the JIF, and involves order statistics for the whole
set of journals in a discipline. NIF is mainly useful for extension
of the JIF to inter-discipline journal comparison, assessment of
journal quality or individual article.
3. Conclusion
It is well-known that JIF scores vary tremendously between dis-
ciplines. For assessing the quality of journals, researchers and re-
search institutions in different disciplines JIF needs to be
modiﬁed somewhat to take into account inter-discipline varia-
tions. The normalized impact factor (NIF) index proposed in this
article can be used as a suitable tool for assessing the quality of
journals in different disciplines by the existing ISI journal impact
factors. NIF allows a direct comparison among different scientiﬁc
disciplines journals without introducing another consideration.
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